Effective outreach is critical to achieving success in managing herbicide-resistant weeds. Interdisciplinary collaboration is needed to adapt information delivery and to engage communities to address the herbicide-resistance problem. Weed scientists must partner with the production community to adapt herbicide-resistance practices for local needs, to work collaboratively with state and regional stakeholders to create effective resistance-management practices, and to provide an overarching national message as to the causes of, and solutions to, resistance.
Although we all must acknowledge that some rate of resistance evolution in weeds will occur no matter what practices of control are implemented, the weed science community is in agreement that, to effectively minimize the evolution of, or to control, herbicide-resistant weeds, farmers must diversify their management practices (Norsworthy et al. 2012; Owen 2014; Soteres et al. 2011) . The overall goal, therefore, is to achieve cropping systems with diverse weed management tailored to local farm and operator conditions (Shaw 2014) . Diversity in weed management requires developing long-term management approaches for individual fields that use appropriate tactics based on regular monitoring and mapping of weed populations (Owen 2014) . The second Herbicide Resistance Summit (http://wssa. net/weed/resistance-summit-ii/) focused on how the problem of herbicide-resistant weeds is complicated and how we need to understand the human dimension of the problem to effectively identify solutions. In this article, we present our thoughts about why effective, comprehensive, and collaborative outreach is critical to achieving this long-term goal. For clarity, we defined terms used herein as follows: adviser is any individual that a grower looks to for advice in how to manage their crop or production operation, which may include independent crop consultants, input retail agronomist, farm managers, bankers, extension specialist, other farmers, land owners, government agencies, such as the Natural Resources Conservation Service, chemical manufacture representatives, and many others; community is a collection of stakeholders that are actively involved with successful crop production in a defined area; and extension or state specialist is a university extension field staff member that works with growers in the field of weed science.
Extension educators in the United States traditionally had the primary role and responsibility of explaining research results and delivering information to their clientele, primarily growers, but also farm managers, consultants, and retailers (Cloyd 2005) . A survey of extension weed scientists in 2007 found most were spending more time and effort on resistance-management education than they had spent in the previous 10 yr. In addition, these same educators reported that they expected to spend even more time on resistance-management topics during the subsequent 5 yr. (Scott et al. 2009 ). Furthermore, a survey of U.S. consultants from the midsouth in 2011 identified a need for continued research and education focused on the management of glyphosate-resistant and -tolerant weeds (Riar et al. 2013a) . Ten percent of the consultants surveyed identified the desire for research focused on cultural practices, and others expressed the need to educate farmers to help them understand the differences in management required for crops with different herbicide-resistance traits. These responses by the consultants involved were prompted by questions posed to them by weed scientists and were related to specific information that the consultants needed to be more effective. However, it is important that extension educators reflect not only on changing the focus of the information extension educators deliver around herbicide resistance but also on the importance of their role as members of the production community.
Extension services across the United States operate within the same federal priorities. However, the priorities and programs offered in each state DOI: 10.1614 (Cloyd 2005) . All these factors lead to the reality that extension programs and what they can accomplish in resistance education vary from state to state. Some specialists within the extension service have, both individually and in partnership with other academic colleagues or industry, developed a variety of educational materials for print, Internet, and social media.
The sources of information about glyphosate resistance and the proportion of growers using those sources were identified for six states (Indiana, Illinois, Iowa, Nebraska, Mississippi, North Carolina). The results suggest that, although university extension personnel provide material, many growers rely on other trusted advisers to deliver relevant information for their operations, such as farm press publications (54 to 65% of respondents) and agriculture chemical retailers (15 to 23% of respondents) (Johnson et al. 2009 ). Growers surveyed in these states indicated that they rely on universities and cooperative extension less than they do other sources (10 to 24% of respondents). In a study of the impact of information sources on California grower perceptions, private consultants were found to be a very important source of information on pest-management issues (Farnsworth and Moffitt 1984) . Although this survey was conducted more than 30 yr ago, it illustrates the point that farmers' sources have varied among states and over time. In Iowa, 78% of farmers rely on professional advisers, primarily their agricultural chemical retailer, to assist with their weed-management decisions (Arbuckle 2014) . Retailers and consultants use a variety of information sources, including university research and cooperative extension, farm press publications, and industry representatives (A Asmus, personal observation). Each of these sources has access to materials put together through extension programs and although most growers do not directly use extension services, extension specialist's information will be delivered, but often filtered, through other sources to the grower. Furthermore, easy access to information through technology and social media compounds the challenge for all members of the production community to distinguish scientific information generated by universities and industry from chat room comments and opinions, product-specific propaganda, and advertising (personal communication with Iowa growers and advisers, July 2015).
Clearly, extension specialists are working to address the issue of resistance and to provide meaningful information to their growers despite the many demands on their time and resources. However, in spite of these efforts, the number of cases of resistant species is steadily increasing both in the United States and globally (Heap 2014) , suggesting that traditional extension approaches that simply deliver the message are not working because they are not engaging all the stakeholders. Our intent is not to blame the current programs but to challenge more weed scientists to think about working in new ways by partnering with the production stakeholders to use their collective knowledge to successfully integrate identified bestmanagement practices into production and by also recognizing operational, economic, or social issues that may prevent growers from properly addressing weed management (Ervin and Jussaume 2014) .
Farmers are very aware of the problem of herbicide resistance (e.g., Arbuckle 2014; Givens et al. 2011; Johnson et al. 2009; Riar et al. 2013a ) and yet adoption of recommended best-management practices has been selective and, in most cases, limited (e.g., Frisvold et al. 2009; Johnson et al. 2009; Owen et al. 2014; Wilson et al. 2009 ). Despite grower knowledge of best-management practices for herbicide-resistance management, other factors play a major part in their decision process. Impediments include operational issues, such as weather impacts, equipment constraints, and time constraints; economic issues, such as cost, when the immediate cost is certain but the long term benefit is uncertain, profitability, and product-manufacturer marketing programs; and social issues, such as government-supported crop programs constraining options, complacency, reluctance to act until the problem occurs, and reluctance to act if neighbors are not adopting similar practices; and others (e.g., Doohan et al. 2010; Givens et al. 2011; Norsworthy et al. 2012; Owen et al. 2014; Riar et al. 2013b) .
Farmers are the key decision makers regarding their operations, and no two farms or fields are the same. This diversity in operations and issues faced by producers becomes greater across regions of the country as environment, cropping systems, land ownership, and resources to fund farming operations change. Growers make decisions based on personal experience and discussions with advisers, other farmers, and their network of influencers; the constraints of their farming operation; and their personal priorities, not just educational materials (Llewellyn and Pannell 2009; Oreszczyn et al. 2010; Wilson et al. 2009 ). Many growers work with a network of influencers that may include stakeholders from government, real estate, financing, production, and sales (Jussaume and Ervin 2014) . The land owner and lender both affect grower decisions based on the value of the property and their goals, which often are to minimize unnecessary cost and inputs to maximize yield and annual profitability. Buyers are concerned with the quality of goods produced. Participation in government programs focused on conservation, water quality, soil health, or endangered species may affect available weedmanagement options, such as tillage or weed control within buffer strips. Traditional extension service outreach efforts rarely consider how these influencers affect production decisions nor do they consider the many other sources of information that influence farmers and their crop advisers. It is important for all educators to consider that grower decisions are not based on one or two major issues but on the overall success of the production system while still maintaining profitability for their operation.
Weed scientists have often focused on providing information to manage herbicide resistance and expect the growers to readily adopt practices based on that advice (Doohan et al. 2010; Shaw 2014) . We must all rethink our approach based on a better understanding of why growers have not adopted more-diverse weed-management practices. The weed science community must reevaluate how we are communicating and interacting with the production community. Do we listen to growers and their advisers regarding their ideas and solutions for managing herbicide resistance, the constraints they deal with in their operations, and what is working or not working? Are we delivering sciencebased information in a clear, understandable format that includes data on the short-and long-term economic costs and benefits of implementing resistance practices, as well as economic consequences to the producers and their operations if they delay implementation? Are we working to develop long-term strategies that include all management tools? Are we providing farmers a realistic assessment of how to apply these new management strategies, and are we considering the ramifications of these new strategies on the overall farming operation and production system? Do we understand the drivers behind the decision-making process, with all the competing priorities and demands that impact farmers? We must partner with others to consider how each agricultural community, which includes farmers, advisers, and influencers, shares knowledge and makes decisions (Ervin and Frisvold 2014; Jussaume and Ervin 2014) . A collaborative approach that involves all stakeholders as partners is needed to create effective and sustainable weed-management practices. Weed scientists all learn how to diagnose and solve weedcontrol problems in our introductory weed-science classes (e.g., Ross and Lembi 2009 ). This approach to solving weed problems, which is based on a thorough diagnosis of the problem and constant evaluation, leading to adaptation of programs, can be broadened and adapted to address these community-based problems. The key difference is that weed scientists must partner with social scientists and economists to consider the human factors that influence field production, and work with the entire production community to fully diagnose the problem and identify solutions that will work for that community of producers and their advisers.
Local Actions
Open dialog between the farmer and adviser allows for identification of areas in which tools and recommendations need to be reevaluated to better manage resistance on a field by field basis. Stakeholders at this level need access to accurate and current information about local resistance occurrences and spread, the tools they need to carry out resistance-management plans, and how to use and prioritize those tools in light of economic and management barriers in production. This feedback, provided by growers to those who help with management decisions, is vital so that strategies can be adapted to local conditions. We observe that an increasing number of growers use the latest technology with the intention of collecting data on such things as field properties, inputs, yields, costs, and returns throughout their production process. However, they must understand how best to use the weed-control data they collect so that future management decisions are based on sound conclusions.
State and Regional Actions
Stakeholders at the state and regional level may include university scientists, state and regional policy makers, regional offices of governmental agencies, regional agricultural lenders and land managers, commodity boards, advisers, and growers. The role of weed scientists is to understand the complexity of the agricultural community, to listen to the members of this community, and to work as part of the community of stakeholders to find diverse technical solutions that will work at the local level. Many weed scientists have always worked to find and provide information about technical solutions; however, weed scientists now need to take the next step and participate intimately as members of the community, rather than simply delivering the knowledge of these new technologies (Sayer et al. 2013) . Jordan et al. (2002) provide a thoughtful discussion and review of how public scholarship, defined as work within the diverse community, may help weed scientists be more effective and efficient in addressing the challenges of increasing diversity and sustainability of weedmanagement practices. The authors discuss how public scholarship moves engagement beyond weed scientists' traditional role of serving in a consultant or advisory capacity to full participation as a member of the community. Community engagement leads to research that addresses the questions and issues raised by growers. To succeed in this type of arrangement, weed scientists need to develop or strengthen interdisciplinary partnerships, particularly with economists and rural sociologists, to initiate new approaches to understanding and to effectively communicate with all the stakeholders who impact production decisions (Doohan et al. 2010; Ervin and Jussaume 2014; Jordan et al. 2002) . Examples showing different forms of engagement between weed scientists and growers include the Zero Tolerance Program to manage Palmer amaranth (Amaranthus palmeri S. Wats.) and the Harrington Seed Destructor that has been integrated into rigid ryegrass (Lolium rigidum Gaudin) management practices (Barber et al. 2015; Walsh et al. 2012) . The key to successful community-based programs is based on the principles of learning how to work together by identifying short-and long-term targets that all stakeholders agree on, as well as a willingness to adapt programs based on experience (landscape principles 1 and 2 from Sayer et al. [2013] ). The common goal for both these example programs is to reduce the soil seed bank of Palmer amaranth in the Zero Tolerance Program and rigid ryegrass for the Harrington Seed Destructor. The programs and approach differed for these two cases; however, both programs were grower-driven and changed over time based on grower experiences. In addition, both programs required a fundamental understanding of the biology of the target weeds.
Within this environment of community-based partnerships, current and accurate information is the foundation for meaningful engagement on the part of the weed scientist. We are not suggesting that good research is not important to the effort. Weed scientists must continue their research to understand the biology and ecology of weeds and weed complexes, how location influences that ecology, and how management choices influence the evolution of the weed spectrum. However, local experience will provide proactive, grower-driven solutions, valuable ground truth of resistancemanagement programs, and complementary research and adoption of practices at the local, state, and regional levels. Weed scientists must collaborate with crop advisers and growers to make sure that practices can be operationally and economically implemented by farmers. Research must also address sustainability and consider all the social and economic factors, as well as collateral effects, that producers face when making and implementing decisions (Ervin and Frisvold 2014; Hurley and Frisvold 2014; Jussaume and Ervin 2014; Owen 2014) . The key to understanding these nonweedscience factors is collaborating with economists and social scientists to work within the production community.
National Actions
Resistance has become a national issue as herbicide-resistant weeds evolve in many production systems across the country (Shaw 2014) . Nationally, a general, overarching message about the causes of, and solutions to, managing herbicideresistant weeds is imperative and must be based on the best science available. The national message must also stress the need for well-trained scientists and practitioners in the field of weed science to address this issue. In addition, weed scientists from across the United States must work with national commodity organizations, industry, government, and nongovernmental organizations to deliver the message that production practices, crops grown, farm size and operations, and weed spectrum change from one region to the next. This adds a layer of complexity because although the overarching message must be consistent and based on science, solutions to resistance management must also be tailored to local circumstances.
At the national level, organizations such as American Society of Agronomy and the National Association of Independent Crop Consultants, which certify agronomists, should include a herbicide-resistance specialization and a level of knowledge of resistance-management practices in their base integrated pest management performance objectives. It will be crucial to certify those professionals who have been educated on the key elements of resistance plans, so that growers, manufacturers, and government agencies know they are working with expert advisers in the field of resistance management. The foundation for building collaborations to address the issue of herbicideresistant weeds is the continuing need for factual, correct information from which to design effective weed-management strategies. A centralized Web portal that identifies peer-reviewed, science-based materials on herbicide resistance and management could be developed and hosted by the Weed Science Society of America for educators and producers to find proven practices to manage weeds. In addition, communication among weed scientists and their collaborators is needed to facilitate sharing of successes and failures, sharing communication tools and messages that have resonated with new audiences, sharing strategies for developing community-based weed management of herbicideresistant weeds, sharing emerging issues, and providing a venue to explore new collaborations among scientists.
In conclusion, the current outreach methods for effecting change in herbicide-resistance management are insufficient. Weed scientists must develop interdisciplinary partnerships and use diverse, nontraditional approaches to address the problem of herbicide resistance. It will take a community of stakeholders working together to make effective weed-management choices that fit with local production practices. The role of the weed scientist can no longer be to provide credible educational materials to help growers, advisers, and the production community make these decisions, they must, instead, serve as collaborators within an active community to ground-truth that material. The production system must be continually evaluated and adapted, based on sound weed-science research and an approach to problem solving that includes the human dimension of the problem to meet the challenges of managing herbicide-resistant weeds. Unfortunately, we cannot recommend a single action or change that needs to be made to extension service programming to be more effective. Specific strategies must be developed in collaboration with the community and after a thorough evaluation of the structure of local communities and the development of relationships with those community members. We are recommending that we all need to reevaluate how we approach our work as educators based on the production system and community of influencers with whom we work. This means that weed scientists need to reach out, develop new partnerships to inform their work, listen effectively, and become an engaged member of the community.
